Abstract-Carrying on the research of potential assessment of forestry biomass power generation in china systematically is significant not only theoretically but also realistically; it can guide the industry layout and reduce the operational costs of forestry biomass power generation in China. To assess the collectable amounts and power generation potential of forestry biomass resources in China, this paper selected the forestry residues resources as the research objects, determined the lower heating value and assessed the annual average power generation potential from 2011 to 2013. The results showed that the maximum power generation potential of forestry biomass resources was 7125.31MW. The power generation potential with more than 500MW was in Guangxi, Yunnan, Fujian and Guangdong, accounting for 43.41% of the total forestry biomass power generation potential.
INTRODUCTION
With the rapid economic development and population growth, the global demand for electricity energy is increasing. At present, since the coal-based power generation still account for a large proportion in the total installed capacity, the energy security and greenhouse gas emissions and other issues are increasingly caused widespread concern in the international community. Expected global energy demand (oil equivalent) is projected to increase from 1.8 t per capita in 2007 to 2.0 t in 2030, and carbon dioxide emissions will rise from 4.4 t in 2007 to 4.9 t per capita in 2030 [1] . At the same time, countries around the world have announced their own emission reduction targets: In 2009, China and the United States respectively proposed that greenhouse gas emissions will be reduced by 40% -45% and 17% respectively by 2020 on the basis of 2005 level [2, 3] . Currently, China's thermal power generating capacity accounts for more than 70% of the total installed capacity, the energy structure is irrational, the power generation is inefficient and the greenhouse gas emissions is large. However, forestry biomass power generation has the advantages of low pollution, low emission and renewability. Meanwhile, the forest biomass reserves in China are relatively abundant, the power generation technology is mature, but its share in renewable energy power generation is far below the international average. Therefore, to develop forestry biomass power generation and other forms of renewable energy generation are one of the effective ways to optimize the energy structure and achieve emission reduction targets.
Currently, the research on biomass power generation at home and abroad is mainly focused on the status of power generation, power generation cost, power generation technology and government support policies [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , while few studies have been done on the potential of biomass power generation. As of the end of 2010, China's total installed capacity of biomass power generation has reached 5500MW, the government has also issued the "Medium and Long-term Development Plan of Renewable Energy" in August 2007 to determine that renewable energy power generation in the power system will rise to important power source before 2020, biomass power installed capacity reached 30000MW, in which the agricultural and forestry biomass power generation will reach to 24000MW. It is important to assess the resource reserves and power generation potentials of forestry biomass resources for realizing the renewable energy development planning and the normal operation of the power generation projects because of the wide distribution of forestry biomass resources. Based on this, this paper selects the "three residues" resources of forestry in China as the research objects to assess the resource collectible amounts and the generation potential respectively.
II. METHODOLOGY AND PARAMETER DETERMINATION
Forest biomass resources refer to the energy provided in the process of forest growth and forestry production, including the energy forest directly derived from forests and the "three residues" resources of forestry derived from forests indirectly. Among them, the energy forest can be divided into wood energy forest and oil energy forest. Wood energy forest mainly refers to fuel woods (including trees and shrubs), which is to obtain the biomass fuel energy through the burning of wood components or chemical or physical conversion. Oil energy forests are energy forests in which the tree or a part is rich in oil or similar oil emulsion. The "three residues" resources of forestry mainly include the harvesting residues (branches, bark, leaves, trees and roots, etc. in the process of harvesting), the residues of timber (wood cuttings and cuttings produced during the initial processing of wood products etc.) and wood processing residues (the skin, slats, truncated, sawdust, shavings, wood and undercut materials, etc. are produced in the process of processing).
In this paper, the "three residues" resources of forestry in China were taken as the research objects, combined with the relevant research and field investigation, determined the ratio of timber harvesting to woody biomass and wood processing residue to timber production, estimated the annual harvest, scrap and wood processing residues can be collected respectively from 2011 to2013, and then determined the low heating value of forest "three residues" resources and assessed its power generation potential. The assessment methods are as follows:
(1) Calculate the collectible amounts of forestry harvesting, processing residues
FLBR(j) is the collectible amounts of forestry harvesting, processing residues in j province, the unit of measurement is million cubic meters (10 R FLBR is the ratio of harvesting, processing residues to forest biomass.
The forest cutting quotas can be founded in the "National Forest Cutting Quota Summary Based on the analysis of existing literature [14] and the sampling survey in the forest areas, it is determined that the ratio of timber harvest to woody biomass is 40%.
(2) Calculate the collectible amounts of wood processing residues
WMR(j) is the collectible amounts of wood processing residues in j province, the unit of measurement is 10 R WMR is the ratio of wood processing residues to the production of timber.
The production of timber can be sorted out according to China Statistical Yearbook. Based on the analysis of existing literature [14, 15] and the sampling survey in the timber processing plant, and taking into account the actual situation around, it is determined that the ratio of wood processing residues to the production of timber is 34.4%.
(3) Calculate the calorific value of "three residues" resources of forestry
NFBE(j) is the calorific value of "three residues" resources of forestry in j province, the unit of measurement is MJ.
C FTR is the lower heating value of "three residues" resources of forestry, the unit of measurement is MJ tonne R VTW is the volume and weight conversion ratio of forestry "three residues" resources.
Considering the lower heating value of the main forest biomass resources in China [15] showed in Table I , the average lower heating value of "three residues" resources of forestry is 18709MJ tonne -1 , and the volume and weight conversion ratio of forestry "three residues" resources is 0.44 [14] . (4) Calculate the generation potential of "three residue" resources of forestry
Where FBPP(j) is the generation potential of "three residues" resources of forestry in j province, the unit of measurement is MW.
K is the overall energy conversion efficiency.
T is the annual sustained run time; the unit of measurement is second(s).
In the current study, the conservative estimate of K is 20%, and the annual sustained run time is calculated on an annual basis.
III. EVALUATION RESULTS AND ANALYSIS

A. Collectible Amount of "Three Residues" Resources in Forestry in China
This paper took 31 provinces, autonomous regions and municipalities (excluding Taiwan, Hong Kong and Macao) as the research area, and the Chinese "three residues" resources were taken as the research objects. Based on the data of China Statistical Yearbook (2011-2013) and the "National Forest Cutting Quota Summary Table in Twelfth Five-Year Period", the total amount of "three residues" resources of forestry in China could be calculated (Table II) . The total collectable amounts of forestry "three residues" resources in China were 136.4826 million cubic meters, mainly distributed in Guangxi, Yunnan, Fujian, Guangdong, Hunan, Jiangxi, Sichuan, Jilin, Heilongjiang and Anhui 10 provinces, accounting for 15.40%, 11.22%, 8.91%, 7.89%, 6.60%, 6.56%, 4.20%, 3.87%, 3.86% and 3.75% respectively, and the total reached 72.24%. 
B. Electric Power Generation Potential of "Three Residues" Resources in Forestry in China
The provincial power potential of forestry residues resources in China was showed as Table III. In Guangxi, Yunnan, Fujian and Guangdong four provinces, the electric power generation potential of "three residues" resources in forestry is 500 Megawatts or more, accounting for 43.41% of its total generating capacity. While the power generation potential is 200-500 MW in 9 provinces of Hunan, Jiangxi, Sichuan, Jilin, Heilongjiang, Anhui, Shandong, Hubei and Guizhou, accounting for the proportion of 39.04%. The other 18 provinces only have the potential below 200MW, accounting for 17.55% of its total generating capacity. , which is mainly distributed in 10 provinces in Guangxi, Yunnan, Fujian, Guangdong, Hunan, Jiangxi, Sichuan, Jilin, Heilongjiang and Anhui, accounting for 72.24% of the total collectable amounts. The power generation potential of China's forestry "three residue" resources is 7125.31MW, and more than 40% of the power generation potential is concentrated in four provinces which possess more resources. Power generation potential of 500 Megawatts or more is mainly in Guangxi, Yunnan, Fujian and Guangdong, accounted for 43.41% of its total generating capacity. In 9 provinces of Hunan, Jiangxi, Sichuan, Jilin, Heilongjiang, Anhui, Shandong, Hubei and Guizhou, the power generation potential is 200-500MW, accounting for 39.04% of the total generating potential. And the remaining 18 provinces have a potential of 200 Megawatts or less.
Based on the assessment of the power potential of the forestry "three residues" resources, the development areas of China's forestry biomass power generation industry are divided into three categories: (I) the power potential is 500 Megawatts or more, including Guangxi, Fujian, Yunnan and Guangdong provinces; (II) the power generation potential is 200-500MW, including 9 provinces of Hunan, Jiangxi, Sichuan, Jilin, Heilongjiang, Anhui, Shandong, Hubei, Guizhou; (III) with a potential of 200 megawatts or less, including 18 provinces, autonomous regions and municipalities other than the first and second categories.
Although the forestry biomass power generation has the characteristics of low pollution and low emission, the cost of its investment, raw material collection and transportation are higher. Currently, some biomass power generation enterprises are at a loss, mainly rely on the national policy support to maintain operations. Therefore, through the calculation and analysis of the biomass potential and development area of forestry biomass resources in provinces, autonomous regions and municipalities in China, considering the cost of raw materials and documentation requirements, it is considered suitable for industrialized development of biomass power generation in the first and second types of areas. By cooperating with powerful enterprises both at home and abroad, we can build biomass power generation equipment manufacturing base in the region and realize the localized production of power generation equipment, strive to make the domestically produced equipment reach more than 70% of the total equipment. Furthermore, it should attract scientific research, education and consulting intermediaries to participate actively, strengthen the effect of joint action, and then realize the cluster development of biomass power industry.
